Since the photorefractive (PR) effect is based on the photoinduced buildup of a space-charge field in an electro-optic material, the photogeneration of charge carrier and their subsequent migration by diffusion or drift in an electric field play a key role in determining the magnitude and speed of PR response. To enhance the photoconductivity, we used a π -conjugated polymer, poly[o(p)-phenylenevinylene-alt-2-methoxy-5-(2-ethylhexyloxy)-p-phenylenevinylene] ( p-PMEH-PPV), as a charge transport polymer matrix and C 60 as a photosensitizer in this study. The photorefractive response time decreased with the increase of photosensitizer amount. Furthermore, large two-beam coupling gain coefficient was obtained, above 400 cm −1 , in the case of PPVC1.
In the past thirty years, a number of inorganic photorefractive materials have been investigated. Among these photorefractive materials, lithium niobate and barium titanate are probably the most extensively investigated. These ferroelectric materials have been widely used to demonstrate holographic device concepts. 1) A major drawback of these materials is that they exhibit relatively slow response time. Semiconductor photorefractive materials such as gallium arsenide, indium phosphide, cadmium telluride, and cadmium sulfide have also been investigated. [2] [3] [4] Although the photorefractive gain coefficients of these semiconductors are much smaller than those of ferroelectric materials, the photorefractive response time of the semiconductors is much faster due to large mobility of carriers in these materials. Conjugated polymers have also shown to possess relatively large mobility and can be easily processed into films and bulk samples of good optical quality, completely bypassing the processes of crystal growth, cutting and polishing.
Recently, polymeric photorefractive materials 5) have attracted great attention due to their low dielectric constants, large optical nonlinearities, and design flexibility. A number of photorefractive polymeric systems have been developed and investigated in the past ten years. Among these polymeric photorefractive materials, poly(N-vinylcarbazole)-based composite materials 6) exhibit the greatest promise. Diffraction efficiency of almost 100% has been achieved in these materials. However, due to slow build up of the space charge field, the photorefractive response time for all reported polymeric materials is relatively long. The slow response could be attributed to small carrier mobility and the short lifetime of photogenerated charge carriers associated with these materials. In polymers with low dielectric constants, the quantum efficiency of photocarrier generation can be rather small, leading to low photorefractive sensitivity of the materials.
It is well known that conjugated polymers, due to their delocalized π -electron distribution, have much larger carrier mobility than those of general photorefractive polymers. 7) In addition, due to the large polarizability of the conjugated polymers, the dielectric constants are larger, providing sufficient charge screening that results in increased photocar- * Corresponding author. E-mail address: oopark@kaist.ac.kr rier generation efficiency. Thus, conjugated polymer-based photorefractive materials are expected to exhibit faster response. Recently, a few researches reported that the higher conductivity helped to achieve higher photorefractive gain. Yu et al. [8] [9] [10] reported photorefractive behaviors on the conjugated polymer system containing transition metal complexes and metal porphyrin and phthalocyanine complexes. In this case, metal to-ligand charge-transfer (MLCT) process is used for enhancing photoconductivity. Therefore, the realization of photorefractive effect in these conjugated polymers is essential. In this study, we report on the photorefractive behavior in the p-phenylenevinylene (PPV)-derivative based π -conjugated polymer composite system.
The polymer composites are based on the poly[o(p)-phenylenevinylene -alt -2 -methoxy -5 -(2 -ethylhexyloxy) -p-phenylenevinylene] ( p-PMEH-PPV) as a conducting polymer matrix doped with the chromophore 4-(4-nitrophenylazo) aniline (DO3) to provide the optical nonlinearity, while diphenyl phthalate (DPP) is added as a placitizing agent. To investigate the effect of photosensitizer, C 60 was also added to the composite. Chemical structures of these materials are shown in Fig. 1 . Optical absorption spectra were collected at room temperature on a Jasco V-530 UV/Vis spectrophotometer.
The p-MEH-PPV/DPP/DO3/C 60 was dissolved in chlorobenzene for one day by stirring a magnetic bar. The mixture was casted on the indium tin oxide (ITO)-coated glass substrates at a room temperature and it was left to dry overnight. The plates were finally hot-pressed in 10 min at 60
• C. The codes and compositions of each sample are summarized in the Table I . Samples for two-beam coupling experiments were obtained by electrode poling prior to the two-beam coupling experiment. The samples were heated to the poling temperature, 60
• C, while applying a dc electric field of 20 V/µm to the ITO electrode. The films were held at this temperature for about 30 min and then cooled to room temperature in the presence of the electric field.
The photorefractive properties of these composites were studied by two-beam coupling experiment. We used a He-Ne laser operating at wavelength of 633 nm. In the two-beam coupling experiments, the incoming laser beam was split into two writing beams (p-polarized) with equal intensity (140 mW/cm 2 , beam intensity ratio is unity) by using 50 : 50 beam-splitter. The two writing beams with an angle of 30
• were directed onto the sample, which was 30
• to the bisector of the two writing beams. The energy transfer was observed by monitoring the intensity of each writing beam.
Solution UV-visible spectra of materials in this study are illustrated in Fig. 2 . It can be seen that there are very small but detectable absorptions at 633 nm that lie in the tail part of the chromophore, C 60 , and plasticizer absorption. p-PMEH-PPV shows transparency at 633 nm region, which renders it suitable for photorefractive application by increasing the net gain through reduced absorption. does not occur in any other process). Therefore, the two-beam coupling (TBC) experiment was usually used for direct adjudgement of PR property. 11) From the two-beam coupling experiments, an important parameter-the optical gain ( ) can be deduced. The TBC gain coefficient was calculated from the following equation:
where L is the optical path, β is the intensity ratio of the two incident beams, and γ is the beam couple ratio. The gain coefficients for some p-PMEH-PPV-based photorefractive systems are shown in Table I for comparison. Figure 4 shows photorefractive behaviors depending on time without electric field. The gain coefficient of the PR system possessing C 60 increases as the amount of photosensitizer increases. Furthermore, it takes less time to reach the maximum gain coefficient. In the case of PPVC1 system, it takes just five minutes to reach the maximum gain coefficient.
In polymeric PR materials, there is a wide range of charge trapping levels residing in the forbidden energy gap, which is manifested in a long absorption tail beyond the main ab- sorption band. A variety of trapping centers can exist in a polymer, such as impurities and structural defects. In such systems, the trapped charges can be much more easily liberated thermally or electrically than those in inorganic PR crystals. If the detrapping rate is large enough, the condition of trap limitation can never be reached and therefore the spacecharge field would be a function of photoconductivity. The higher the conductivity, the larger the number of photogenerated charges, and hence the stronger internal space-charge field. Consequently, higher PR response is achieved. This correlation has also been documented in recent reports on organic PR materials. 13, 14) The gain coefficients of different PR systems are shown in Table II for comparison. The gain coefficient of p-PMEH-PPV system was enhanced significantly compared with the PVK system with C 60 photosensitizer. This is phenomenon occurs because the p-PMEH-PPV system has a larger conductivity and a lower T g (≈ 45
• C) than that of PVK system (≈ 120
• C). Also, the gain coefficient of the p-PMEH-PPV/C 60 system was higher than that of the p-PMEH-PPV/CdSe nanoparticle system. It could be explained that C 60 has a higher photogeneration quantum yield and charge carrier separation to the p-PMEH-PPV polymer. Therefore, the high gain coefficient of polymer composite containing C 60 and p-PMEH-PPV conjugated polymer is the result of large photoconductivity and photogeneration quantum yield.
In this study, photorefractive behaviors of p-PMEH-PPV/DO3/DPP/C 60 system were investigated. The gain coefficient of the PR system possessing C 60 increases as the amount of photosensitizer increases. A two-beam coupling gain coefficient of more than 400 cm −1 was obtained in the case of PPVC1. Furthermore, it took less time to reach the maximum gain coefficient. It can be deduced that the high gain coefficient of polymer composite containing C 60 and p-PMEH-PPV conjugated polymer was the result of large photoconductivity and photogeneration quantum yield.
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